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Tl - Gain controller of optical fiber amplifier - has gain detector to which 
signals of power are input and calculated gain is input to error 
signal extraction unit 
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PN - JP11 112434 A 19990423 DW1 99927 H04B10/17 014pp 
PA - (NITE ) NIPPON TELEGRAPH & TELEPHONE CORP 
10 - H01S3/10 ;H04B10/16 ;H04B10/17 

AB - J1 1 1 12434 NOVELTY - When detecting gain of input signal power 
Pin and output signal power Pout of an optical amplification unit, 
signal PASE which has constant value of spontaneous emission 
power, is input to a detection unit (4A) such that gain (Pout-PASE) 
divided by Pin is output to an error signal extraction unit ^). 
DETAILED DESCRIPTION - Error signal is extracted by the 
extraction unit (5) from the gain detected by detection unit. Based 
on the error signal front excitation light power is fluctuated and gain 
is controlled to become fixed by a controller ^A). 

- USE - In optical fiber amplifier used as linear repeater in optical 
communication system. 

- ADVANTAGE - Since front excitation light power is enlarged, high 
excited state is obtained near input terminal of rare-earth doped 
fiber. Favorable gain is fixed and influence of ASE is realizable. 
DESCRIPTION OF DRAWING(S) - The figure shows the optical fiber 
amplifier. (4A) Detection unit; (5) Extraction unit; (6A) Controller. 
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AP - JP1 9970268431 19971001 

IN - SAKAMOTO TADASHIfUKUTOKU KOUSHI 

PA - NPPON TELEGR & TELEPH CORP <NTT> 

Tl - OPTICAL FIBER AMPLIFIER 

AB - PROBLEM TO BE SOLVED: To precisely execute gain fixing control 
by making a value, which is shown by a specific formula including a 
constant value corresponding to a naturally emitted light (ASE) 
power a light amplifier part generates at the time of operating, the 
detection gain of the light amplifier part. 
- SOLUTION: An optical detector3-1 detects an input signal optical 
power Pin and an optical detector 3-2 detects an output signal 
optical power Pout. The light amplifierl A is provided with a rare 
earth added fiber 1 1 and an exciting light source 12 executing front 
excitation. A gain detecting part4A inputs the input signal optical 
power Pin, the output signal optical power Pout and an ASE power 
PASE to make (Pout-PASE)/Pin a gain A. PASE is made a fixed 
constant and this value is set by an electrical circuit. An error signal 
extracting parts extracts the error signal of the gain A and a gain 
control part 6A varies exciting light power outputted from the light 
source 12 so as to make the error signal zero. 
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(54) [5SII©«*!i:] ^yr^/V^mm 
(57) [5^5] 

c Its ] m^^mmiz x'oase o^^trix 9 ^ # > 

spmta^-^v-izMit'i-h^i^ ( * 0 ) tlx 

P*sz (Pout-PssE) /Pin^*'i^t^: 



U-l 13 14-2 

■{ ^E^r^ — & 
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MeMi^fi-f-fc^D i: x-mm-i^m^^} ^v- *• arts s 

■ti-. H^^le*ii^PISlIi^i^^t•l.f|J^#*^•-^^^^:l> J: 3tc$iJ« 

•f-S^^ll ( - 0 ) i: LT Pase a:A:*I t, ( Pout- 
Pase) /Pina-Bfrie3tJSifSSiI<^^ai*iMi:LTH0iei^ 

iifi-^tt£Ba5tcai:^ii-i,«Bg-r-*>sc s-^sjis-rs^fe 

[ if 2 ] mmW^ > L T ffi V ^ I. #±P,^iD 7 T 
1ylE3feliifiSP07.i)«#3i£^ < V- P ini> J: t.<ai:^3«^?fe 

Hijiaig*fi-^^cjs5 x:rzmm-nmwtn'7—Pi a j; lk- 
I5rief*:&{ae3e/N''7-Pb s-^ws-ii-. luietiifsseic 

-r-g.^Stffl ( - 0 ) > LT Pp.sE ^ All ( Pout- 
Ps5h) /Pingra?rie3fetiifSSI50l^aif[|#> tTMiSia 

miteffi»$(Jffligp<±. J^tcPf >Pb i: =5:?. J: p tela tea 

S^/N-v-^A Pfi:^:^ji)@3tyN-v-^«APb 
^tc I APf I < I APb I h^r5J:5fci!i^^lS 



f'MS'jmii. I APf i = a I APb I (;^7^it. « 
< 1 ) t ^ ^ J; p tcij^^Sr ^JSg-r-SfflfiST'*) i i: 

?.3t7 r ^ VN'tgiffi|§. 
C ii*3S 6 3 mm 2 eSgi03t7 r -f ^sJ|iifS|g{c^3 

[ it*Ji 7 ] iisii 1 ^ fctiit^il 2 tcEa<7):aSciO 
i ^ L 7 r ^-^iiifilKcfoH . 

jfi:'i«m'<v-Pout *:i^£B-r-i.3ti^ai#sa . 

(Pout-P*ss> Pint:miieS^c^^tiSIEi^#:tCfc 

lyieiRSft-f-fcffi T , mlS#ji:iii|iSlitfOMiSfir:fe"l)® 

3t^N-y-Pf t-;.tt'^Hij5iIf**S!e7fe^NV-Pb ^ff^ 

'3 fc$iJ«-1-^, zr-mttzZ t Sr#^i:-tS3te 

7r-^>'N'tMi|@ij3 

[fS^S] siS^Jfll. 2, 7^ov^•r^^*>{^leg^^7)3t 

7T'f.'-CiilMS5{-J-Ji >-C. 

fiMi^ffiscji, >i:f^.4i rfST^ffisn-i.Atiii^^/AV 

-PinijJ;c,'^:m^je9:A:;'v'7— Pout *r«^-fl-^^ LT 
>.*t, F;f^5')a%.4t.Hlji:M''7-PftSE fcMi55-^l..lI^ 

[0001] 
[0002] 
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hm^m'tmmmzm^>?>m^^^-yh'7—!' (wdm 

[00 03] -ffitCX^t't'^A ■ (Er^M <7)J: 

^^m^-t?>^izit. h^7.ti<E^^^mizMLrm 

■ m^^iB^ztc^ji 0 iz&m<tix . ^'.tsm^^ma^ 

^mvHIio-^K^tiz^^. 

SS^O^-^^MnS < ^ o T«-f-/Wjt ( S N Jt ) 
[0.0 05] ClClf. ^■r>'^vl'H!SJSt{s4>'OS;5iJ> 

lOdB^i- ( ^-740 km) m.<^j:hZtl,zKi:^. ^ (Tifzib?^-): 
[0006] ■zi^$r^P;c•l.*"a^ tT , r AN±i(i 

ffli-rs c: i: (c J: 0 , x-)im&<7ymnzn lt t . >- 

t lt (i. ■ (i) &«<^ i y^vusr^t 7 

m {mm^/tmm.. ^m-i^i^—^m'urxmmi'c) iz 
y ^ -]-j<-y^i-hlj'A. (2) i^^^y^-'i-coj-tititi 

■nm. (3> mmmwp^Tv-^^^a^iLtiy) . urn 

m<^m^Mim\ ■^xxM^m.&^-w^zu.-^tc tiz x 



i^(l)'^^{2)(^1fm^-^mX'h^. lA^L(l) (COV^T 
is.. \NDMizM^- y h'y-^coX 'jliZ. %yr^r\m^ 

^ •:/ h 7- t'ii:. #5ti7)— iS^^-i^'f !> C: t 

L/::o^'or, WDMe5t^-x 
T-# ^ ^ t ^ 3 .^X' , iiE^SiT) (2) cT^^fflieHA^'ft 

hJK<. mn-mm^mm.x < ff 3 c A^-ct . * 

[0007] mS\t. (2) i75^r;4(CSftS-ri>iiS*i73^7 
3t^S2 - 1 T'^0-^**^«§^ir5t^aiS3 - 1 

r3K^£Bfl3-2(CAiD*a, tt!:tft^3S.KPout 
•l^ffi Sill, . 3t 7 T y 1 ti . ^±m.m)iy T A 

Ih. Ij*l)fi5:fi=31)e7icasl 2-1 fK^-ffi) 
e«:tT3i!lfi3Kag 1 2 - 2 , mWt^^±Wm!XC7 r 
■^f<.\ 1 {C7.±it-'JWDM*7*7 13-1, 13-2 

h . Xai^iiffi(cieiisiii>3er-f v 1 4 - 1 , i 

4-2t{Cj:')lSJ«$:^l|., 

[ 0 0 0 S ] >lJ?4;i»:ttigR4 {i, 7v*ft-^!^^P in^ ffi 
:;'Dfi-f^5SjSPoiil. s-^JtPout /Pin*rfWtAi: LT^ 

tCi-S j; 3 tC©jfei-)\:ijtK 12-1. 12 - 2*i^>ai:^Sn 

-l.la^23^:§^«2r$lJ^JlIi-■i.. 

[0009] 

IWmm^ L. J: 3 > ^-SP® ] fc i ■?>T-.' 08 

^n^*^03^:7 r '^^StS5l^•C^5^t-g-fl]^#— ^fij'ffllT-fi:. 7^ 
^tlft^SfiJKPinc.fii^ft-f^SSJtPout coitPout / 
Pin (fg#A) -:^*ii:?L. ^fLA«— J: 3 {c*J 

^iSCtil3i: ( A S F. : Anipl ified Spontaneous Emission) 
iPIS^hhl r b t- . y <S ;^ J: 3 'SrMffllSr'ff 3 i: . Pou 
t {cSitii B V ni'lii S .i A S E fmi-) ■'^fzh^bt£:hc:> 
X\ Pout/' P 1 Hi ilEFui^i.-ll^^'jff-C-'iii: < 0 . Pout 
/P in^-)t:!cMiM L 'C ^.iE5l^:^^^^— SS'W*:fi=3 

t*bs A s E c»m<^f^±%w^\m. ■?rmm(7)m 

[0010] ^ ZX'A SECO^^m<'£imtfihhtK 
— ^^^ASEy^•V-iiflJ^♦i; 1 : l(-ZitMmt^^^. ^ 
ZX\ ASE?S.a*r^:^:?'L-, Pout ti^c^BinLX^cO 

[0011] ^m^ftWtCJ: DA SEc^B^ 
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[00123 

out v-'hm'^imih'thmiz. ^±MmByr-(j<x-^ 

TPase iXfiL. (Pout-Pssg) /Pm^mnt 
fflil-^ 1 ) . 

[00 1 33 sTt, 3t;:^BJ07t7 r-^^Stii|ri||{j, ^± 

V-Pout *^4.WI=*-:^ai1-.|.^tC, |5l«(c (Pout- 
Pase) /PinarWfiL. Cicofim*^— ^tc^^ j: 3 

(CHfr:^i!i^^v\*'7-Pf ^i.xf^m5m^^-<v—vh *r 
Stlffll-rs. ;^c?t:L, ^icPf >Pb )iti:i>io\izWm- 

[00 143 ^rc, ^tPf >Pb ic^§j:3(c$yffll-r 
hmz. X-h^%%nr?-</i^\iznthm-yjmm')t)'^ 
v-S;»iAPf ^^^:^lle^K./^v-^i!;APb »\ ^tc 

I APf i< I APb I h^£hi^o\.zmmtf-<.'9-^^ 

-fk^-ti-S {mm^) . i^v:. APf =o>Uv:0 (it 
-m^A) . I APf |=a|APb I (a<l)h-r-l. 

(I«*JI5) . 

[00 15] t.fz. #{CPf >Pb 'cti:hi.'j\>zmn-t 

hmz. ?<hm^%f^v-<7y^\,zn\^x. wrmiSt^ 
3t^NV-pf s-gfr^ficii^ Lfz±X'ik-lfmm^j'zy- 

Pb 2r$iJ#L. m*ll^5fe>'N"'7— Pb 0 S"^t?Eff ^<7) 
[0016] :*:f|BJc03K7T'f^N"iii|Bf|{5, UWi: 

<OA:^fi^3t-'N°'7-P ini> itf ai*-fl#7i:>'N*'7- Pout 

n^i>m%^wj&-thmz. wmz (Pout-p^sE) /p 

<?)jaS*^N-V-S:$im-t-l> (if 5^117) . 
[ 0 0 1 7 3 ^r^, ^mm!,mt. 7.:^(«■f3iSA^"V-P 
ini5J:lfi^l:^J^I•^>'^•V-Pout r«Mfi#i: LT A::^7 

8) , 

[00 1 83 c:c7)J:3tc. *«B^c03fe7r>f>'^ifSST 

itx't \ -r^;*?*. , A s E t ^lJf§^offi{i:^^^■r l 1 1 



d I./d2= ( asNj-cr,,Ni) I. 

d lAsj/d2= ( <7jNj-<JaNi) IssE + hi/ CJjNz 

A^- 

izisi-f^mmmi^iommwLtiimmm > mmmmm. 
V i: A 1/ fi^ ^i-rixA s E(0(^''l:^;iIMSas*^' o tr^-r 

[00 1 9] ^c7)5^t^-ri3i:. Iase Jiis tnm. 

iOiSg$-a-r^iC. SMScaJ3esr^f h i/ N, A t-- 

(rMiftVih -^Xv-^h. Z I ^ (TMS. ( f IJ» ) 

is.. Tm&s^!icom^m.i^^izi5ifi,»^ 

m'^m.Xik^^tL:h<7>l,zML, Use <i±m&®S, T 

m{iL^^m<^m^mt^'pizi5ifhj^mzt^-t^zt i 

^L-CV^^. ■t'^h^. ^ii^comnt. mtS AS Er-^ 
'y-iiikjLtzm^^tL^hifX'it^j:<. aj:?3ASEM-'7 

ASEJ^V-^^^.:}' LX-^cr)m^s:m<^^t'(Omm: 

[00203 bz^:^i, imMi^^m^?.:hm<Dmm^ 

1-^ < Roc t i 19 , mm^-^^£ii>i£A S E 

•C-« L/^ A S E:5iiii|iatfr^® OtSi(g$^ii.^ij>T-A 

l!r>(:>tihtzlsbX-$ih. 

[00 2 1 3 2t:^HJJ4Cco»J,fc:a-:?# , ©irS-ljSi- 

I. (if^^Jii ) . ®8y:^as3e.^N'v-pf iikirmm^ 

Pf>Pb <5DTt\ ltr:*-I!lg3fe/NV-^16APf ^f^Jtf- 
3S3~5) . ®Pf >Pb C0TT\ A**M^S<Ti*:^ 

yt^'^'7-izxy)mm-t^^m^:^^z imikme) . =Sr 
s E^ Nv- tLxmzt t^mt 5: 1. . 

[00223 fif?fePint Pout fCffil— .^S'J 

®2rt-|>:*-^(cr=iahi'-S>ASE<7D!^4. Pout (^^ 
— :57ffi/5^4>5b^*-t«6ig.^§iX7^>P;iSB ^^1:>:LT« 

A= (Pout-Pftsj) yPini}<—^t^hXoiZ^mm 

M ( ^±^^!fef|D7 r ^ < ) imm-t^ Z tl,zi.Kl. AS 

E o^s: mm LrzB:ii?^^mn-^mmv^s& ttr^, 
tti. ^yr^^<mm^t:^m^m.Lx. x^m^-iz^ 

m L/C A S Ei}i-^tti^ X 0 ^^diizMLX i ^crjt t 
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[0023] 

(mi iommm. ■. mmn d mm. ^^^^m^m i io 
[0024] >-r . 7.tim^i±ye-yft^^ 2 - 1 

'J aS^fejl 1 2 h . lj®3tr #±^}!?JII7 r-(r<l 1 ic 

[0025] mn-mamAAM. A:tifi-w^'y-Pin 

.h, £t!ll^l■?^■'^*V— Pout i:, A S E/'n°'7— P,.£e * 
A:^t. (Pout-Pftsj) /Pin^fiJ#Ac t^T^— 
■f.!., PssE {^A:'JtcJ:4>-r-^^^^i:L, <I 

m^imzn^hWi%Aa)tmm^^m\it. l. fowM^sii 

6 Ati^iOS^W 0 iC^ -1) j: 5 iCl)S3feiS 1 2 
[00 2 6] ::<7)J:d{c. lo:^rlffl@»5S;*r>:-l.c:cicJ: 

(Pout-PftsE ) /-'Pin2:^lJ#^ailai:■-r 
•l.^i:^cj:0. ^-^-fhm^zWMmMt^J:hASK<7) 

Xih. (Pout-PftSE) /Pin«7)ff»{i«^[gS&*:ffl 

[0 0 2 7] ^fe. ASE>'N''7-PfiSE {i^S^tS^-TI. 

£^r>'S>-l)*\ d:i^Xol>z-$:ibhZbti^X'^^.-Pkzi 

[00 28] ^-f-"- mmji—y'imtLxmm^m-:--^ 
svHc^n/cM^^ciitt^fs-f-fiM) aripii^-r§. mz 

m^^y-^-P frfi. J: ^^cPaee 'JOAlftfiltrililS 

■t^, Pase OS#^flx)if;r^OPASE i:^*. FJt^OP 

-PftSE <^ywm'k.^iiz-o\,^x {iWTtcs^-rieiHif^j^icis 



[00 29] im2-^mmm:mt<m2, 3)ei2 
[0030] 0(cfev >-c , 7-.:^mmyc^^^2 - 1. 

T'-!-iO-§II*':5j-ilS^$ ii-CTtl^ttJH 3 - 1 * A 

*Hg|| 2-2 ■r'^c^;-g|I#':5i-llg§ ixtT^l^ffifl 3 - 2 
7..tl$ix. ai^Jff^^^"V-Pout 

flgq 1 Bii . ^dMtny r 1 1 i , mljmm^n 

om^M 1 2 - 1 , ^■:ffmmz:nomfstmi 2 - 
2t. mm^^^±m.muyT^r<i ii,z7s:fi-rhWD 

.M;{7r513-1. 1 3-2i:. AaJ:^I^Ei^^lEaSi^§ 
3tT^ VV— ^' 1 4-1 , 14-2'cl>Zj:K)M^tt 

[003 1 ] fiM1^.fcEigi34 Ati. 7.t>m^^-<y--Pi^ 
>, a3:^]«-^^^V-Pout ASErNV-P,sE 2: 
A:^L. ( Pout-P«£E) /PinSr^lMAi; LT^:-^ 

■t?>. Kci5. Pfi£E {i:7.:^0-i;4>-r— .^co^ifci: -I 

6 B{i-f-<:oi^ft^>6> 0 J; 3 (ciiSTtM 1 2 - 

1 , 1 2 - 2^i^tii:^^ti^mm^->-<'7-^mit^-t. 
[0032] ^trnmiTin^ti . ^±mmay r ^ a 

1 iiOMSi*-iblie7erA:^-r-&*S^{c. tu^rfflig3il=*3 

-Pb *rPf >Pb ^:L.. mfrmm^'^'^-iim&jm 

<L^z^mx\ •tfi:^Jlig3t^N'v-^APf hf*:^lli@ 

^>-'7-^SjAPb i)i I APf I < I APb | t^hXo 

tzmmti. iii2(b)fc{4, ibtiim&itmzi(tt^m:ff 

[0033] ZCOX'j (CBU^rllS^^NV-i;?*S-ag3te 
yN'V-*r^*§j— (c^S-ti-, #±ffl^SD7T-^><l icO 
m^±7d:^\m<^RWi^^t:-M<'^^'yrz±X\ '^t 
LXfR oZt -^X'^ h A S E^N'V^ PssE Srffl^ '^TfiMf 

(Pout- Pass) /P in*-jRa6|. .Z > IC J: 0 , J: < 

[0 034] (m3c7)*M^Hl: itjRil4 ) 113(i, * 

m9i<TM3(r>mmm^^-f. ^mtrnw-t. mi com 

[003 5] 3ts^StBHI.iO#le!{s , ^±mmMy r -f >' < 
1 lc73WSS*^^ll)S:7tr7.*-t^Jl^tC, fiJ#^iJtPSl56 
C{'i5V^T|!d3fflJ*i3te>'«'7-Pf a:lS<— 

-r^.^.tcS*^, 03 (b) Wi:, ttaJMSfl^l-^itr^W 
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[0036] ziiizi 0 . ^±MmuyT-(^<i 1 c?)« 

A S E <5 A+l4s#igff&i L tz ASE ti^iMM^ixtz i, cr, 

ASE S-^t^^^f «ri:*>'T-|:^, ^OJSm, (Pout 
-P*sE>/Pini: VoMWc;J:'9, P^se ^>=E®:i: LT 

[0037] imAcommMm tt^ia s ) H4{i. * 

= (Pf.«-Pf.in) XPb/Pb, 

= aXPb +/3 (a<l) 
^iftS-^f. ^^T\ Pf.ax*JJ:t/Pb,„$-^ixmir 

*Jlie7e>N-y-#-pf.i„ t^: 0 . f^:^i!I^a3t/^•v-73-'0 

1 0 0 4 0 ] J: a tc. fif:^!a^ii J:t^^:^J1^3(: 
( P out- PASE)/Pini:tie J: "9 , »^ J: < jfiM 

[004 1 ] (m3<^mmm:m-t.me) m5ii. ^ 
[0042] *mffim^<7)#^fi, mmmB6E ic^ 

V^T. Hrr^rlIe5B^^•v-Pf i:f*::^l)e^ytv-Pb Sr 
Pf >Pb tL. *±a^p:7T^>'\'i l^7)MS*»^Si^ 

^g7feSr7.^]rf.±f-^lc, t*:frlj@3t-^A-V-Pb z?>'0^-& 

y-Pb *^'0$-i-tfF>fl-^oS/MiCt^-5 7t!^t:{i:, lu 
:^ll^I^3e^^•V-Pf sr$iwt-^. -r^j:h-h. mm^Ji'? 

(b),(c) (c<±. jifiai^ft-f-t^-r'i.H?r:&-ii®3tfej:i>' 



[0038] *Mi£l;».c7jif#1!g{i , ^±^^Jd7 T-i^< 
1 liOMSffi7i^^>I!)^B3t$-7^:ti-f -S^^tc. l?:&aS^lS±j 

-Pb ^Pf >Pb tL, f>l:^i!)S7t/^•■7-*J:btgW« 
3t/N-'7-^ijlAPb trAPf <APb t^^X'jIiZmm 

tmmx'itAPf tAPb cowMtc-ot^T. mmim^ 

I APf I =or I APb I (^fzl, d<\ ) 

[0 03 9] fz}iz.\t. m^mm'itJ-^^-Pb ^Ot-t> 

^W^^t.X'^\t^^fz^^z^ H^r:^JiJe3t^^•'7-Pf 

a. + Pf.ir, (Pf«in>0) 

[0043] z.fLi,zi. 9 . ^±%m^y r-^J<llcom 
^ytx-:b^niS:iomM7tmi-m < mzti. ( p out - p 
ase) ypintx^omm^zxD. m.mx <m'i%-MMm 

[0044] (mecrjmmm ■. n^mi )meu.:^ 

mmm * mm^zmn i y:zmmzmm $ ti^ , 
[0045] :^mtmm(r>^mt . mm<7mm'm^ i b 

•fy^iz^ Pin^-:^iiXV^Pout ^—t^ilMBML. 

^commmizmtxm^^^mm^no tz^izh^. 

miZ^Ltz:ljmzX D , ( Pout-PASE ) /'Pin33<— s 

zcr^^-^izt. ^^mmmicii\<-^xm±mmuy T 

-^^<i icr,m^^7xtsi^im<7)mm^.'^v~i^< tx 
i=<ztiz^r) mmmm^:mi^ hzt t^x s ^ . ^tz. 
zitimmmi:mu$-^^v^tci^izi,^x'»>i. 
[0046] ( m 7 commmm. ) 7 ii , ^^bjctjh 7 

m^zmm ifzmmzmm^iv^ . 
[0047] *jiJ6j^sc7)#gi{5 . mt^mm^ 1 b 

(.^fziiiA) ax Lm^t^m-r^ yt^ffa 9 & mmiz 
i^nttz^-^iz, mic^mmmt>^i^m5cr,mmmiz 
TT^ttzi^mzx^. ^^m^Mm::tizm^^^mwfin 
'jt^iiizh^. 

[0048] ^Kch-h , ^^mmMm^zm^iji^mti 

IKfcisv^T. (Pout-P.sj) /Pin*<— ^t:5r|.StJ1SP 



(7) 
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[00491 mi cr>%tmmx'\t. r -fy -^liflfl 

7 r -f VN'lfifilffiT) Pin, Pout ar^— LTflMi--^S'J 
[0050] 

[^BJOS)m].liJ.±i2iBBL7i J: '3 iz, :^mmcoycy r ^ 

^nrnx'-m^-^mmmtmi^ix. ase/n-v-Psse * 
nmznmt^trLfz'm.b tra^ <r t t^x-^ h , v-rz 

*ioT. mm± (Pout-PftsE) /Pin{Cj:»3t^v£fi-r^ 
[IMraoS#=5rlMH^] 



[ 114 ] *^BJc05t7 T -< ^^iiif|i7)^4 commm.'k 

[[16 ] ^mmco^y r •Y.'^iSlliO»6<50^Sf^®ar 

[H8] ^M5ft^0^7r-^.'^'lt1ig§^OflJ^#-^$^IMIHI^•&cO 
lA sfi:fraeSi05fcJiliSi! 

4, 4 A mm^u 

6, 6A. 6B, 6C, 6D, 6E ^(|fl=$0®gP 

11 ft±^^^7r-f^^' 

1 2 m^%m 

1 3 WDIVI;^77'5 
14 %T^V\y-^ 



(S) 



#^¥1 1-1 1 2434 



[01 ] 



I A 



2-1 



3-N 



14-1 13 f\ 



14-2 



Irtt-f"? I If 7g 



PiD 



12 



■2-2 



7^ 



1/6A 



3-2 



A= (Pou t-PASE)yPin 

^ 



Pout 



[08] 



4 



2-1 



3-K 



14-1 13-1 



11 




13-2 14-2 



12-1 



12-2 



T 



Pin 



~T~ 



3-2 



1/5 



A = Pout/PiD 



Poul 
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(a) 



[02] 



■2-1 



7^ 



3-K 



14-1 IS-l/""^ 



13-2 14-2 



Pin 



Pf . 


APf 




Pb . 

> 


APb 



■2-2 



Pl> Pb, I APf I < I APb 



3-2 



A= (Pout-PASE)/Pin 



"T 

Pase 



Pout 



(b) 



m 

I 

V 

1 

iS 



• \ 
\ 1 
\ 1 


«iCPf>Pb 


0 


T\APf 

\^^^ 

i X 
1 \ 



(10) 
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Ca) 



ims] 

IBM- 



•2-1 



7^ 



3-K 



Pin 



14-1 13-l/'>v 



1^ 



13-2 14-2 



12-1 



'12-2 









Pf 




Pb , APb 



y2-2 



Pf>Pb. 0 g 1 APb 



•3-2 



r-iA 



A=(Pout-PASE)/'Pin 

T — — 



Pout 



(b) 



<d 





^fCPf>Pb 


m 

1 
1 
1 




1 




\ 




V 


APf 


0 


\ 

\ 
I 
1 

1 APb 



(11) 
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m4] 



Ca) 



iBxr 



3-1 















Pin 



14-1 13-1 




13-2 14-2 



^12-1 



Pf . APf 



j2 



12-2 



Pb . APb 



2-2 



7^ 



jSD 



Pf >Pb. I APf I =a I APb 



3-2 



Pout 



T 



1/5 



<4A 



A= (Pout-PASE)/'Pin 

^ 

Pass 



(b) 



Si 
< 





S{=Pf>Pb 


■ 

1 

I 


1 APf 1 =a 1 


- 1 


(a< 1) 










0 


i APb 
t 



(12) 
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(a) 



1B^ 



Pin 



14-1 13-1/^At 



13-2 14-2 



12-1 



Pf , APf 



12-2 



Pb ■ APb 
T 



7^ 



•2-2 



Pf>Pb 

Pb (cigbTAPf^feBAPb-&iaai 



1- 



A= (Po ut-PASE)yPin 



/5 
/4A 



Pout 



(b) 



Pb =^S®g/JMl 



(c) 



Pb >gf^©s/jvfie 



< 

<3 



5> 



1 


rjcpf>Pb 

APb 


0 


APf 



< 

(X, 



1 

• 

1 
t 
1 
% 
t 
\ 

\ 


r{rPf>Pb 
APf 


0 


s 

\ 
\ 

\ APb 

t 

{ 
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